-INTRODUCTION
The general p r i n c i p l e s u n d e r l y i n g t h e propagation o f s t r o n g l y n o n l i n e a r s u r f a c e waves on d i e l e c t r i c media were f i r s t e s t a b l i s h e d f o r s and p -p o l a r i s e d waves i.e. (TE and TM modes) t r a v e l l i n g a l o n g t h e i n t e r f a c e between two s e m i -i n f i n i t e media /1-6/.
I n most cases one o f t h e media i s a vacuum. The immediate and s u r p r i s i n g f e a t u r e t h a t emerges from these c a l c u l a t i o n s i s t h e f a c t t h a t i n t h e n o n l i n e a r s t a t e TE modes a r e supported i n t h e v i c i n i t y o f t h e i n t e r f a c e . As t h e n o n l i n e a r i t y i s s h u t down t h e y disappear. These modes are, perhaps, n o t s u r f a c e waves i n t h e t r u e sense because t h e y a r e l o c a l i s e d a t a small d i s t a n c e from t h e s u r f a c e . They are, i n f a c t , s e l f -t r a p p e d i n t h a t t h e i n t e r f a c e c o u l d be removed t o + -/2/. The TM ( o r p -p o l a r i s e d ) n o n l i n e a r modes a r e more conv e n t i o n a l i n t h a t t h e y do have a l i n e a r l i m i t .
A n a t u r a l e x t e n s i o n o f t h i s e a r l y work i s t o i n c l u d e guided and s u r f a c e modes o f a l a y e r e d s t r u c t u r e /7-IO/.
The s t u d y of such systems i s m o t i v a t e d by t h e search f o r useful i n t e g r a t e d o p t i c s devices /Il/ t h a t may e x h i b i t o p t i c a l b i s t a b i l i t y /7,8,11/ o r o t h e r o p t i c a l i n f o r m a t i o n p r o c e s s i n g c a p a b i l i t i e s .

The c a l c u l a t i o n s t h a t e x i s t i n t h e l i t e r a t u r e deal w i t h b o t h TE and TM modes.
I n t h e symmetric TE /7/ and t h e asymmetric TE /8/ cases, c o n f i g u r a t i o n s c o n s i s t i n g o f a l i n e a r l a y e r bounded by s e m i -i n f i n i t e n o n l i n e a r media, have been considered i n d e t a i l f o r frequency independent d i e l e c t r i c f u n c t i o n s .
I n these c a l c u l a t i o n s an a n a l y s i s o f t h e power f l o w l e a d s t o suggestions o f o p t i c a l b i s t a b i l i t y .
I n t h i s paper we c o n s i d e r a more general s t r u c t u r e t h a t can embrace a l 1 t h e known r e s u l t s . It c o n s i s t s o f a n o n l i n e a r l a y e r bounded by d i f f e r e n t nonl i n e a r s e m i -i n f i n i t e media. We show t h a t a compact g e n e r i c form o f t h e d i s p e r s i o n curve can be o b t a i n e d t h a t has the.same appearance f o r b o t h TE and TM modes, p r o v i d e d t h a t t h e parameters a r e c a l c u l a t e d a c c o r d i n g l y . The c u r r e n t conventional approach i s a l s o discussed, as a r e some general power f l o w formulae. The t h e o r y i s then i l l u s t r a t e d through t h e development o f s p e c i f i c a n a l y t i c a l and numerical examples.
I I -GENERAL THEORY FOR THREE NONLINEAR MEDIA
We c o n s i d e r a u n i a x i a l n o n l i n e a r d i e l e c t r i c l a y e r , w i t h boundaries t h a t l i e i n t h e x -y plane, t h a t i s bounded b y d i s s i m i l a r s e m i -i n f i n i t e n o n l i n e a r u n i a x i a l d i e l e c t r i c s . I n general t h e e l e c t r i c and magnetic f i e l d i n each medium a r e i ( k x -E = (Ex(z), Ey(z), E,(z))e ut) H = (Hx(z), Hy(z), H,(z))e i ( k x -u t ) (2.1
These f i e l d s r e p r e s e n t a s u r f a c e o r guided wave t h a t i s p r o p a g a t i n g a l o n g t h e x a x i s w i t h wave number k and a n g u l a r frequency m. I n each medium i t i s assumed t h a t t h e d i e l e c t r i c t e n s o r has t h e form where E~( w ) , cll(w) a r e t h e usual l i n e a r d i e l e c t r i c f u n c t i o n s and a i s a frequency independent non1 i near c o e f f i c i e n t .
I n each medium t h e f o l l o w i n g b a s i c equations a r e t h e n o b t a i n e d where K : = k2 -c l 1 c2 A l 1 t h e development f o r t h e TE case now uses o n l y t h e E f i e l d component Y and f o r t h e TM case o n l y t h e Ex f i e l d component. We now c o n s i d e r t h e TE and TM modes s e p a r a t e l y .
TE Modes
As s t a t e d above o n l y t h e E f i e l d component o f f i e l d e n t e r s i n t o t h e problern. Y T h i s w i l l now be denoted by Ei where i=1,2,3 r e f e r t o t h e l o w e r medium, t h e s l a b and t h e upper medium r e s p e c t i v e l y . D i f f e r e n t i a t i o n w i t h r e s p e c t t o z . w i l l be w r i t t e n as Ei. Equation (2.3) t h e n i n t e g r a t e s t o where hi = and ci i s t h e c o n s t a n t o f i n t e g r a t i o n . F i r s t fi. ti -O as 2c2 z + + m, i = 1,3, t h e r e f o r e f o r t h e o u t e r s e m i -i n f i n i t e n o n l i n e a r media
Suppose now t h a t t h e n o n l i n e a r s l a b has i t s boundaries a t z=O and z=d and t h a t t h e e l e c t r i c f i e l d a t z=O i s Eo and a t z=d i s Ed. The c o n t i n u i t y o f * Ei and Ei a t a boundary t h e r e f o r e ensures, from equations (2.5) and (2.6),
Hence, a f t e r s e t t i n g E A~ = E~ we o b t a i n where p, q and a r e expressions c o n t a i n i n g K2, a2 and c2 and, s i n c e z=O a t E2=Eo,
If, as i s common p r a c t i c e , t h e i s dropped from t h e argument o f t h e Jacobi f u n c t i o n and i n a d d i t i o n 3;l i s d e f i n e d as t h e i n v e r s e o f t h e Jacobi f u n c t i o n then t h e f i e l d i n t h e s l a b becomes
Now e q u a t i o n (2.10) i s a q u a r t i c i n Ed so t h a t i t has t h e f o l l o w i n g
Equations (2.13) and (2.14) then i m p l y t h a t t h e d i s p e r s i o n e q u a t i o n f o r TE modes i s i n general ,
Here t h e d i s p e r s i o n e q u a t i o n i s expressed e n t i r e l y i n terms o f t h e i n i t i a l parameters (al, a2, a3, E~, c2, E~, k, Eo). F o r m a l l y t h e r e a r e f o u r s o l u t i o n s t o e q u a t i o n (2.15) b u t t h e r e l a t i v e values o f ai, E~, Eo may
render some o f them i n a d m i s s i b l e . For i n s t a n c e E: must be r e a l so t h e e x p r e s s i o n under t h e r o o t s i g n must be > O and a l s o t h e whole r i g h t -h a n d s i d e o f (2.14) must be > O t o keep E: > 0.
I n t h e s e m i -i n f i n i t e media t h e f i e l d s o l u t i o n s a r e -C -1 
where a+/-i s EG obtained from equation (2.25 ). This i s a v e r y i n t e r e s t i n g forma1 equivalence o f appearance f o r b o t h t h e TE and TM d i s p e r s i o n equat i o n s .
Indeed a l 1 t h e known cases i n t h e l i t e r a t u r e should emerge from t h e same g e n e r i c formula.
For t h e t h r e e n o n l i n e a r media system analysed here w i t h , f o r example, 
-ALTERNATIVE ORM OF DISPERSION EQUAJTIF The method developed i n s e c t i o n II has t h e m e r i t o f producing a generic form o f d i s p e r s i o n equation t h a t i s a p p l i c a b l e t o a l 1 s t r u c t u r e s and b o t h TE and TM modes. It i s a v e r y convenient a l g o r i thm f o r computational purposes i n which t h e a p p r o p r i a t e candidate from any o f t h e t w e l v e Jacobi f u n c t i o n s can be r e a d i l y i n s e r t e d . I n t h e l i t e r a t u r e , however, a more
forma1 method o f e n q u i r y has been adopted r e s u l t i n g i n separate and a p p a r e n t l y v e r y d i s s i m i l a r developments f o r TE and TM modes. This approach
w i l l be used i n t h i s s e c t i o n f o r comparison w i t h t h e above a n a l y s i s and t o make c o n t a c t w i t h t h e e x i s t i n g l i t e r a t u r e .
TE Modes --F o r ni > O t h e f i e l d components a r e those g i v e n by equations (2.16), (2.17) and (2.18).
The a p p l i c a t i o n o f t h e boundary c o n d i t i o n s then g i ves t h e forma1 d i s p e r s i o n e q u a t i o n where zoi have been d e f i n e d e a r l i e r i n t h e t e x t . TM Modes (')> O , t h e a~o l i c a t i o n o f t h e
For TM modes, u s i n g ai < O, ci < 0, ~2 3
. boundary g i v e s t h e forma1 d i s p e r s i o n e q u a t i o n Equations (3.1) and (3.2) reduce t o those t h a t e x i s t i n t h e l i t e r a t u r e .
For example, i f a l + O, a3 + O so t h a t zo, -> and t a n h (~~z 6~) + 1 and t a n h r 3 ( d -183) + I n t h e e v e n t t h a t t h e l a y e r a l s o becomes l i n e a r s 2 -r2 , q1 +& ~2 , sn(qlzo,) + 1 and U' -1 so t h a t Since our numerical examples concern TE modes a t t e n t i o n w i l l now be r e s t r i cted t o them.
For TE modes, then, w i t h a l , a3 > O the power flows i n medium 1 and 3 are
It the f i e l d s a t the boundaries o f t h e l a y e r are Ebl a t z=O, and Eb2 a t z=d then the t o t a l outer power f l o w becomes Pout=P1+P2 where
Note here t h a t e q u a t i o n (5.2) does n o t reduce, d i r e c t l y , t o t h e case
where t h e o u t s i d e media a r e l i n e a r . F o r a l + O, a3 + 0, and Ai + O t h e two n e g a t i v e s i g n s must be taken so t h a t Pout remains f i n i t e . This makes (5.2) i n d e t e r m i n a t e . Also i n e q u a t i o n (5.2) t h e + s i g n i s chosen f o r i n c r e a s i n g f i e l d s a t t h e boundary and t h e -ve s i g n f o r decreasing f i e l d s .
I n t h e i n n e r n o n l i n e a r l a y e r t h e power f l o w i s F o r computational purposes (5.3) may be used d i r e c t l y , o r i t may be expressed i n terms o f E, e l l i p t i c a l i n t e g r a l s o f t h e second k i n d , e.g I n o r d e r t o i l l u s t r a t e t h e t h e o r y we now s p e c i a l i s e t o a l i n e a r l a y e r , c o n f i n e d between two n o n l i n e a r media. The r e l a t i o n s h i p between Ed and Eo i s given, i n general, by e q u a t i o n (2.10).
I t i s c l e a r from t h i s t h a t a number o f p o s s i b i l i t i e s e x i s t . The t h r e e choices a r e Ed=?Eo and
EdCEo. T h i s can be seen more e m p h a t i c a l l y , and perhaps more s u r p r i s i n g l y ,
from t h e case E~ = E~, a1 = a3 t h a t reduces e q u a t i o n (2.10) t o t h a t Ed + Eo = 2 (~i -€ 2 ) , i f EO=Ed. These a r e t h e symmetric, a n t i - Fig. 3 . Here the peaks a r e q u i t e small but the surface waves a r e s t i l l a dominant feature. The cross-section near t o n s 1 corresponds t o /8/ and are similar t o / 7 / . Note t h a t i n the corner of Fig. 3 t h e waveguide cut-off locus i s shown, corres~onding t o K~ and K~ becoming complex. Finally Fig. 4 shows the contour plot t h a t . Labels on t h e contours a r e a r b i t r a r y giving only the r e l a t i v e power magnitudes. a r i s e s from Fig. 1 . This plot can give d i r e c t l y the dispersion curves o f t h e nonlinear system. I t can be seen t h a t they would be p r a c t i c a l l y l i n e a r .
VI -CONCLUSION A general theory of surface and guided polari ton propagation i n a layered s t r u c t u r e has been derived. I t i s shown t h a t a compact formula e x i s t s t h a t accounts i n forma1 terms f o r both TE and TM modes. Specific formulae f o r TM and TE modes f o r a number of systems a r e given and the theory i s i l l u s t r a t e d with selected numerical examples t h a t r e f e r t o TE modes on special layered s t r u c t u r e s . In p a r t i c u l a r a l i n e a r layer, 
